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ABSTRACT 
The nuclei of growing spermatocytes in Drosophila hydei and D.  neohydei are characterized 
by the appearance of phase-specific,  paired, loop-shaped structures thought to be similar 
to the loops in lampbrush chromosomes of amphibian oocytes.  In  X/O-males of D. hydei 
spermatogenesis is completely blocked before the first maturation division. No spermatozoa 
are formed in such testes.  In the nuclei of X/O-spermatocytes, paired loop formations are 
absent. This shows  the dependence of these chromosomal functional structures upon the 
Y chromosome. The basis of this dependence could be shown through an investigation of 
males with two Y  chromosomes. All loop pairs are  present in duplicate in XYY males. 
This proves that the intranuclear formations are structural modifications of the Y chromo- 
some itself. These functional structures are species-specific  and characteristically different 
in Drosophila hydei and D. neohydei. Reciprocal species crosses and a  backcross showed that 
the spermatocyte nuclei of all hybrid males possess the functional structures corresponding 
to the species which donated the Y chromosome. This shows that the morphological charac- 
ter of the functional structures is also determined by the Y chromosome. 
INTRODUCTION 
In  spermatocyte  nuclei  of  Drosophila  melano- 
gaster, intranuclear structures occur during certain 
developmental stages  which  can  be  recognized 
only in the electron microscope. They have been 
interpreted as morphological indications of phase- 
specific  chromosomal activity (Meyer,  Hess,  and 
Beermann,  1961).  It  has  been  demonstrated 
further that the Y chromosome is involved in their 
formation. It would seem that certain parts of the 
Y  chromosome,  perhaps  in  the  yL,  are  more 
effective than others in producing these structures. 
It could  not be  decided  whether  the  functional 
structures  in  the  spermatocyte  nuclei were  dif- 
ferentiations  ot the Y chromosome itself, or whether 
they were  formed  by  the  X  chromosome or  by 
the autosomes, in which case  the Y  chromosome 
would act only as inducer. 
An opportunity to  clarify this  arose  when we 
studied  other  species  of  the  genus  Drosophila. 
Specifically,  it  could  be  demonstrated  that  the 
morphological  appearances  of  the  intranuclear 
formations  in  spermatocyte  nuclei  of  different 
Drosophila species  are  quite different  (Meyer,  in 
press).  Especially in  spermatocyte  nuclei of  the 
closely  related  D.  hydei and  D.  neohydei, highly 
complicated  structures  were  found  (Meyer  and 
Hess,  1962).  The chromosomal functional struc- 
tures of these  two species  consist of at least four 
loop-shaped components which are considered to 
be principally similar to  the  loops  of lampbrush 
chromosomes  in  oocytes  of  Amphibia  (Callan 
and  Lloyd,  1960).  The  paired  loops  in  the 
spermatocyte  nuclei of D.  hydei and  D.  neohydei 
can be recognized and distinguished in the light 
527 microscope because of their size and their different 
appearance.  Experimentally  induced  changes  of 
these formations can, therefore, easily be analyzed. 
Thus, one could expect to solve some of the ques- 
tions which  could  not  be  answered  by  investiga- 
tion  of D.  melanogaster spermatocytes.  The  main 
concern of this paper will  be the role  that the Y 
chromosome  might  play  in  the  formation  of the 
intranuclear loop-shaped structures. 
MATERIAL  AND  METHODS 
Several  stocks  of Drosophila hydei of  different  origin 
were used; some of these were marked by mutations. 
They  were  cytologically  identical.  D.  neohydei is  a 
species  recently  discovered  in  Venezuela  (Wasser- 
man,  1962). We are indebted to Prof.  Stone, Austin, 
Texas,  who  kindly  put  this  stock  at  our  disposal. 
In  mass  cultures  both  species  can  be  crossed  in 
either  direction.  The  hybrids  are  fertile.  So  far, 
backcrosses  have been  successful  only once  because 
of  the  low  number  of  hybrids  recovered.  In  all 
crosses  between  the  species  the  X  chromosome  of 
D. hydei was  marked  by  the  mutation  white. 
Cytological  examination  was  carried  out  by 
phase  contrast  on  living  material,  and  with  the 
electron  microscope.  For  the  observation  of  living 
material the testes were dissected in Tyrode solution. 
Ringer solution for insects proved to be less suitable. 
For the observation of spermatocytes the testes were 
ruptured  by  removing some  of the  Tyrode  solution 
from  the  slide.  Care  was  taken  to  prevent  strong 
compression  of the cells as  this resulted in  artifacts. 
The  Tyrode  solution  used  was  slightly  hypotonic 
for  the  spermatocytes.  Therefore,  the  cells  became 
slowly swollen and after some time changes occurred 
in the nuclei, primarily of those cells which had lost 
their cytoplasm  during squashing.  A  slight swelling 
turned  out  to  be  necessary  for  the  observation, 
because the  different nuclear components,  normally 
tightly  packed,  were  spread  by  this  treatment. 
As controls, preparations were made in hemolymph 
and covered with paraffin oil.  They showed exactly 
the  same  appearance  as  spermatocyte  nuclei  in 
Tyrode solution. 
All results obtained  in  the  light microscope were 
checked  by  the  electron  microscope.  For  electron 
microscopy, testes were prepared in Tyrode solution, 
immediately  fixed  in  buffered  isotonic  OsO4  solu- 
tion  (according  to  Zetterqvist,  1956)  for  at  least 
1  hour,  washed  in  Tyrode  for  l0  minutes,  dehy- 
drated  in  a  methanol  series,  and  embedded  in  a 
mixture of butyl and methyl methacrylates  (90:10). 
Sections  were  made  with  a  Porter-Blum  ultra- 
mierotome, stained with lead hydroxide after Millonig 
(1961),  and covered with a  thin carbon film.  Photo- 
graphs  were  taken  with  a  Siemens  Elmiskop  I. 
For  the  study  of neuroblast  mitoses,  third  instar 
larvae  were  kept  for  2  hours  on  food  containing 
colcemide  (Lewis  and  Riles,  1960).  The  cerebral 
ganglia  were  prepared  in  Ringer's  solution,  fixed 
in Carnoy's, stained in aceto-orcein, strongly squashed 
in lact0-orcein  ,  and examined under phase contrast. 
RESULTS 
1.  Spermatocyte  Nuclei  of  Drosophila  hydei 
and D. neohydei 
A  detailed  description  of  the  functional  struc- 
tures  of  chromosomes  in  spermatocyte  nuclei 
will  appear  elsewhere  (Meyer,  in  press).  In  the 
following account only a  brief description of these 
structures is given to provide a  basis for the presen- 
tation  of our  experiments. 
In both D. hydei and D. neohydei the functional 
structures  of  the  chromosomes  consist  of  several 
loop-shaped formations, each of different morpho- 
logical appearance. They are paired and polarized. 
Therefore,  it seems probable that these structures 
are  homologous  with  the  loops  of  lampbrush 
chromosomes  in  oocytes  of  Amphibia  (Gall, 
1954;  Callan  and  Lloyd,  1960).  The  different 
units  of  these  intranuclear  formations  can  be 
distinguished  in  the  light  microscope.  In  Figs. 
1  a  and  b  the  appearance  of  these  structures  in 
both  species  is  shown  diagrammatically.  Figs. 
2  a  and b are photographs of living spermatocytc 
nuclei in phase contrast. 
In  D.  hydei one  pair  of  loops  consists  of  two 
highly  refractive  threads  which  originate  at  the 
nucleolar  region  and  become  diffuse  distally 
(Fig.  1 a,  1). The compact portions of the threads 
are  embedded  in  material  composed  of  sub- 
microscopic tubules  (see below; cf. Fig.  1 a,  4  b). 
Both  threads  are  perhaps  connected  by  their 
diffuse parts.  A  second  pair of loops consists of a 
spongy matrix in the shape of two clubs which are 
covered  with  large  hollow  granules  0.5  to  0.8 
/~ in average diameter  (Fig.  1 a,  2).  A  third pair 
of  loops  will  be  called  "pseudonucleolus"  (see 
Meyer  and  Hess,  1962),  because  typically  it 
appears  as  a  single  nuclcolus-like  structure.  In 
most cases,  it can  be  seen  to  be  built up  by  the 
fusion  of  two  subunits.  The  paired  organization 
of  the  pseudonuclcolus  manifests  itself  most 
clearly  in  the  plug-like  protrusions  which  this 
structure regularly shows. These always appear in 
pairs  and  are  polarized  (Fig.  1  a,  3).  The  fine 
structure of the pscudonucleolus is clearly distinct 
from  that  of  the  nucleolus  (Meyer  and  Hess, 
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structure  which  is  diffusely  filled  with  tunnels 
opening occasionally to  the exterior.  In contrast, 
the  nucleolus  has  a  granular  structure  without 
such  tunnels.  The  spermatocyte  nuclei  contain, 
in  addition  to  the  three  paired  components 
described  above,  loose ribbons  entirely composed 
of  tubular  material  similar  to  that  described 
earlier  in  D.  melanogaster  (Meyer,  1961;  Meyer, 
Hess,  and  Beermann,  1961),  and  similar  to  that 
found around the "threads."  In D. hydei the single 
tubular  elements  are  about  200  to  300  A  in 
diameter.  Although their aggregation in the form 
of coiled ribbons  500  to  1,000  m~  thick  is  quite 
obvious,  it  was  not  possible  to  decide--at  least 
not  in  D.  hydei---whether  the  ribbons  occur  in 
pairs  (Fig.  1 a,  4  a). 
In  D.  neohydei one  pair  of loops  again  consists 
of  two  threads  embedded  in  tubular  material. 
The  threads,  however,  are irregularly coiled into 
two clumps  and  do not lie close to the nucleolus 
(Fig.  2  b,  1).  The  "clubs"  (second  pair  of loops) 
consist  in  this  species  of two  elongated  elements 
with  large  granules  0.5  to  0.8  #  in  diameter 
arranged  usually  in  a  single  line  (Fig.  2  b,  2). 
D.  neohydei  has  no  pseudonucleolus.  However, 
in each spermatocyte  nucleus of this species there 
are  at  least  two  clumps  of  loose  ribbons  (Fig. 
2  b,  4  a),  one  of which  might  correspond  to  the 
pseudonucleolus of D. hydei. This clump of ribbons 
is  usually  located  opposite  to  the  nucleolus  and 
consists  of  tubular  material,  The  second  clump 
of  ribbons  is  always  close  to  the  nucleolus  and 
sometimes  divided  into  two,  so  that  the  paired 
organization  of  this  structure  is  obvious  in  D. 
neohydei. 
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FIGURE  ] 
Diagrammatic  drawings  of loop-like formations  in spermatocyte  nuclei of Drosophila  hydei  (a)  and 
D. neohydei (b). N, nucleolus; 1, "threads"; 2, "clubs"; 3, "pseudonucleolus"; 4 a, tubular ribbons; 4 b, 
tubular  material  associated  with  the  "threads";  5,  accumulation  of granules,  6,  indentations  of 
nuclear envelope with fine granular material. 
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intranuclear  structures  have  a  weak  Feulgen- 
positive  chromocenter  near  the  nucleolus.  By 
contrast,  at  the stage of maximum differentiation 
of the  paired  loops the entire  nuclei are Feulgen- 
negative.  It is assumed  that  the negative Feulgen 
reaction indicates a  very fine distribution of DNA 
rather  than  the  absence  of DNA.  All  the  intra- 
nuclear  structures,  with  the  possible exception of 
the  threads,  are  strongly  basophilic.  RNase 
removed much of the material indicating that the 
loops contain  a  great deal of RNA. 
~. Spermatocyte  N'uclei of X/O-Males  in 
D. hydei 
It was found  that  the intranuclear  structures in 
spermatocytes  of D.  melanogaster depend  upon  the 
presence  of  a  complete  Y  chromosome  (Meyer, 
Hess,  and  Beermann,  1961).  One may,  therefore, 
expect similar relations in D. hydei and D. neohydei. 
It is difficult to obtain X/O-males in both species 
since  no  stocks  of  attached-X  females  without 
an  additional  Y  chromosome  and  no  attached- 
X.Y  males  are  available  as  yet.  X/O-males  can 
therefore  only be  obtained  as a  result of primary 
non-disjunction. Non-disjunction of the X  chromo- 
somes can be detected only when suitable recessive 
markers  are  available.  This  is  the  case  in  D. 
hydei  (Spencer,  1949),  but  not  in  D.  neohydei. 
Among  a  progeny  of  39,100  from  a  cross  of 
D.  hydei  +/+  females  with  w/Y  males,  nine 
exceptional  males  with  white  eyes  were  found. 
Unlike  D.  melanogaster,  the  X/O-males  of  D. 
hydei are  phenotypically different from their X/Y 
brothers.  All of them showed the phenotype of the 
mutation  bobbed. Another  difference  between  the 
X/O-males  of  D.  hydei and  D.  melanogaster was 
that  the  testes  of  D.  hydel X/O-males  do  not 
contain any spermatids  or spermatozoa.  Develop- 
mental  stages older  than  first spermatocytes  have 
never  been  found.  This  indicates  that  sper- 
matogenesis in  D.  hydei is blocked  by  lack  of the 
Y  chromosome  in  the  early  growth  stages  of the 
spermatocytes. 
The  spermatocyte  nuclei  of  X/O-males  in 
D.  hydei appear  relatively  empty  (Fig.  3).  Only 
FIGURE 
Phase contrast photographs of living spermatocyte nuclei of D. hydei (a) and D. neohydei (b).  X  1,600. 
For explanations, see Fig.  1. 
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Spermatocyte nuclei of D. hydei X/O- 
males in phase  contrast.  Complete ab- 
sence of loop-like formations.  X 1,55  o. 
a  few  big  granules  and  irregularly  defined  ac- 
cumulations  of material  are  visible in  the  light 
microscope.  The  paired  loops  (threads,  clubs, 
and  pseudonucleolus)  which  are  so  striking  in 
normal  spermatocyte  nuclei cannot  be  identified 
in  X/O  testes  either  by  light  or  electron  mi- 
croscopy.  Crystal  needles  which  were  found  in 
X/O  spermatocytes of D.  melanogaster  are lacking 
in  D.  hydei.  As  proved  by  electron  microscopy, 
the  granules  visible in  the  light  microscope  are 
not  nucleolar  material.  They  are  composed  of 
granules  of varying  size  and  shape  which  form 
clumps  or  hollow  spheres  (Fig.  4  a).  Similar 
granules  are  seen  to  compose  the  aggregates 
visible in  the  light  microscope  as  areas  of dark 
material.  In  addition,  one  can  sometimes  find 
spherical  or  crescent-shaped  bodies  with  a  fine 
structure  identical  to  that  of  the  central  fine 
granular  region of the  nucleolus.  These aggrega- 
tions  in  X/O  spermatocytes  are,  however,  re- 
markably smaller than nucleoli of normal animals. 
Interestingly,  the  X/O  spermatocytes  contain 
some  tubular  material,  as  demonstrated  by elec- 
tron microscopy. The tubular elements composing 
this material are clearly different from the tubuli 
in X/Y spermatocyte nuclei. The diameter of the 
tubular  elements is 400  to  500 A  and  thus  con- 
siderably  larger  than  that  of the  tubuli  in  X/Y 
spermatocyte  nuclei  (compare  Figs.  4  c  and  d). 
The  tubular  material  may  be  aggregated  into 
irregularly shaped strands not more than  200  m# 
in  thickness.  The  amount  of  tubular  material 
varies considerably among different nuclei of the 
same X/O-male, but it is always much less than 
the tubular material in X/Y spermatocyte nuclei. 
Tubular  material  in  small  amounts  and  of dif- 
ferent structure as compared with normal animals 
has also been found in X/O  spermatocyte nuclei 
of D.  melanogaster  (Meyer,  Hess,  and  Beermann, 
1961). 
O.  HESS AND G.  F.  MEYER  Chromosomal Differentiations  531 532  THE JOURNAL OF  CELL  BIOLOGY  •  VOLUME  16,  1963 3.  The Spermatocyte Nuclei of D. hydei Males 
with two  Y  Chromosomes 
The investigation of X/O-males has shown that 
the  intranuclear  formations  in  the  spermatocytes 
of  D.  hydei are  dependent,  as  they  are  in  D. 
melanogaster, upon the presence of a Y chromosome. 
The results do not,  however,  permit a  conclusion 
as to the specific mode in which the Y chromosome 
action  of  the  Y  chromosome,  no  numerical  in- 
crease  should  be  observed  at  all,  although  an 
increase  in  the  material  composing  each  loop 
might  be  found  in  X/Y/Y  spermatocytes. 
Among  41,150  F1  animals  from  a  cross  of 
w/w females with  +/Y  males, a single exceptional 
female with white eyes was found, as compared  to 
nine exceptional X/O-males among a  progeny of 
39,100.  The  reason  for  the  low  incidence  of 
FIGURE  5 
Metaphascs of neuroblast mitosis in third instar larvae after colcemide for 2 hours.  X  4,000.  a. XXY 
female, b. XYY male. 
may  be  involved  in  the  development  of  these 
structures.  A  decision  between  the  different  pos- 
sibilities  may  be  expected  from  an  investigation 
of males with two Y  chromosomes.  The following 
situations  might  be  encountered  in  spermatocyte 
nuclei  of double  Y  males:  (1)  if the  intranuclear 
structures  were  formed  by  the  Y  chromosome 
itself,  males  with  two  Y  chromosomes  should 
possess  two  pairs  of each  "loop"  instead  of  the 
normal set of one: (2) if the structures were formed 
by  homologous  elements  in  both  the  X  and 
the Y  chromosome,  X/Y/Y  males should  possess 
each  of the  intranuclear  formations  in  triplicate; 
(3) if the loops were formed by the X  chromosome 
alone,  or  by  an  autosome,  under  the  inductive 
non-disjunction  females  is  not  known.  As  ex- 
pected,  X/Y/Y  sons and  X/X/Y  daughters  were 
found  among  the  progeny  of  the  exceptional 
female.  The  presence  of  a  supernumerary  Y 
chromosome  was  directly  established  by  the  ob- 
servation  of  neuroblast  mitoses  of  several  males 
and females (Fig. 5). In the case of non-preferential 
segregation  of  the  sex  chromosomes  one  would 
expect  /ag  of  the  female  progeny  and  ~  of  the 
male  progeny  of  a  X/X/Y  female  to  possess  a 
supernumerary  Y  chromosome.  According  to 
several  authors  (for  references,  see  Sturtevant 
and  Beadle,  1936;  Cooper,  1948),  however, 
deviations  from  these  ratios  are  usual  in  D. 
melanogaster.  In  contrast  to  this,  Spencer  (1930) 
FIGURE  4 
Spermatocyte  nuclei  of D.  hydei X/O-males  in  the  electron  microscope,  a.  Large 
hollow sphere composed of granules  of different size.  N, small fragment of nucleolar- 
like  material,  b.  Irregularly  shaped  tubular  ribbons  at  low  magnification  (T).  E, 
nuclear  envelope  (with  fold),  c.  X/O  tubuli  at  higher  magnification,  d.  Tubuli  of 
normal male, at same magnification, for comparison with c. 
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occur  in  D.  hydei. Even  so,  the  progeny  of  a 
X/X/Y  female  should  produce  a  considerable 
number of offspring with an additional Y chromo- 
some. 
None of the  progeny produced  by the  excep- 
tional female showed  an obvious deviation from 
the  normal  phenotype  of  X/Y  or  X/X  flies. 
However, among a total number of 106 examined 
males from the progeny of the exceptional X/X/Y 
female,  53 were found to possess a  duplicate set 
of the paired loop formations in their spermatocyte 
nuclei. Such a  percentage of "duplication males" 
would be expected if the  males showing the du- 
tion  of  the  club-shaped  loops,  although  often 
observed, is not openly manifest in all cells, since 
the clubs have a tendency to fuse with each other. 
About  one-third  of  the  spermatocyte  nuclei  in 
X/Y/Y males contain two distinct pseudonucleoli 
instead of one,  each  with  a  pair  of protrusions 
(Figs.  6 a and b). The remaining two-thirds have 
only  one  pseudonucleolus which  can,  however, 
always  be  recognized  as  a  duplication  by  its 
considerable increase in size and by the presence 
of four rather than two plug-like protrusions. The 
duplication  of  the  diffuse  ribbons  of  tubular 
material cannot be established because  they  are 
coiled and folded up tightly. The mere increase of 
FIGURE  6 
Semi-diagrammatic drawings of four different spermatocyte nuclei of XYY male of D. hydei, showing 
duplication of loop-like formations. For explanations, see Fig. 1. 
plicate  intranuclear  formations  were  X/Y/Y 
in caryotype. ~fhat this is actually true has been 
established  by  an  investigation of  third  instar 
larvae where  the  cytology of both  spermatocyte 
nuclei and neuroblast mitoses could be studied in 
the  same  animal.  Of  five  larvae  having  the 
X/Y/Y  constitution,  all  proved  to  possess two 
pairs  of  loops  in  their  spermatocyte  nuclei  as 
well.  It  is  clear,  then,  that  of  the  three  possi- 
bilities outlined above, the first  and most simple 
one  holds  true: The  Y  chromosome  itself  forms 
the paired loops. 
Cytological observations on males with two Y 
chromosomes revealed the following details: The 
first pair of loops,  which is normally composed of 
two  highly  refractive  threads  and  a  connecting 
diffuse  part,  contains  always  four  distinctly 
recognizable compact  threads  in  X/Y/Y  males 
(Figs.  6 and 7).  One finds frequently one pair of 
threads on each side of the nucleolus. The duplica- 
substance  which  would  be  expected  is  difficult 
to  ascertain  with  the  light  microscope,  but  it 
seems to be the case. To summarize, the duplica- 
tions can  be  confirmed for  those  three  pairs  of 
loops  which  because  of  their  highly  defined 
morphology ought to permit such a decision. 
Spermiogenesis of males with  two  Y  chromo- 
somes has not yet been studied in detail; however, 
preliminary observations show  that  the  number 
of  spermatozoa  is  reduced.  The  fertility of  the 
X/Y/Y males has been proven by the breeding of 
several successive generations. In addition, it was 
found  that  the  total  length  of  spermatozoa  is 
considerably greater  in  X/Y/Y  males  than  in 
normal males (total length of normal spermatozoa 
6.6  mm,  of X/Y/Y  spermatozoa  12  to  14  mm 
(!), on the average). Upon this finding, measure- 
ments  of  sperm  length  of  D.  melanogaster  were 
made. A dependency was also found here between 
sperm length and the presence of the Y  chromo- 
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of X/Y males ca.  1.75 mm, and of X/Y/Y males 
up  to  3.7  mm,  on the average. There appears  to 
be,  therefore,  a  direct  correlation  between  the 
amount and complexity of intranuclear structures 
of  Y  chromosomes,  on  the  one  hand,  and  the 
species specific and  the  genotypic total length of 
spermatozoa,  on  the  other.  A  critical analysis  of 
these  conditions  is  in  progress. 
4.  Spermatocyte  Nuclei  of  Hybrids  Between 
Drosophila hydei and D. neohydei 
Our investigation of males with two Y chromo- 
somes has shown that the paired structures found 
in spermatocyte nuclei are structural modifications 
of parts  of the  Y  chromosome.  The  question  ot 
whether the Y chromosome itself is also responsible 
for  the  specific appearance  of the  paired  forma- 
tions,  as  found  in  the  two  species,  D.  hydei and 
D.  neohydei, may  be  attacked  by  studying  the 
spermatocytes  of  hybrid  males  possessing  the 
Y chromosome either from D. hydei  or D. neohydei. 
The cross  between D. hydei (w/w) females with 
~IGURE 7 
Phase  contrast  photograph  of a  spermato- 
cyte nucleus  in  a  XYY male.  Duplication 
of first loop pair ("threads") dearly distin- 
guishable. X 2,4o0. N, nucleolus;  T, threads; 
P, pseudonucleolus  (not in focus). 
D. neohydei (+/Y) males was attempted five times 
in our usual  200  cc culture  bottles with 25  pairs 
of flies each.  Progeny was obtained from only one 
of  the  culture  flasks,  yielding  two  hybrid  males 
with  white  eyes  and  three  hybrid  females  with 
normal  eyes.  From a  mass  mating  of  about  65 
pairs  of flies  in  a  bottle  of  1,000  cc,  16  hybrid 
males and 22 hybrid females were recovered. 
Each  hybrid  male  was  checked  cytologically. 
The paired  structures  in  the spermatocyte nuclei 
were indistinguishable from those in spermatocytes 
of pure  D.  neohydei, i.e. the  paternal  males  (Fig. 
8  a).  In  all  animals  spermatogenesis  seemed  to 
proceed normally up  to  the production of motile 
spermatozoa.  Attempts  to  backcross  the  female 
hybrid offspring with either of the parent species 
were unsuccessful. 
Four matings with  25  pairs of flies each in the 
reciprocal  cross  D.  neohydei (+/+)  females with 
D. hydei (w/Y)  males gave no offspring, whereas 
from a  mass mating with approximately 65  pairs 
we  obtained  12  hybrid  males  and  17  hybrid 
females, both with normal eyes. The spermatocyte 
nuclei of the hybrid male progeny again displayed 
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i.e.  the  same  as D.  hydei in this case  (Fig.  8  b). 
The  17  hybrid  females  (neohydei X+/hydei  X w) 
from  this cross were  backcrossed  with D.  neohydei 
(+/Y)  males.  Four  males  with  white  eyes  and 
seven females with normal  eyes emerged.  Because 
of the  low  number  of adults  it was  not  possible 
to  decide  whether  the  absence  of  males  with 
normal eyes (with the D. neohydei X + chromosome) 
was  accidental.  The  spermatocyte  nuclei  of  the 
four  hybrid  males  with  white  eyes  (with  a  X w 
chromosome from D. hydei) were found to contain 
was introduced into the cross. This means that the 
aspect of species specificity of the paired structures 
depends  entirely  on  the  constitution  of  the  Y 
chromosome. 
DISCUSSION 
The  study  of spermatocyte  nuclei  of X/O-males 
of  D.  hy&i  has  shown  that  the  paired  loop-like 
structures  to  bc  seen  in  X/Y  spermatocytcs  can 
only be formed in the presence of a Y chromosome. 
This  finding  demonstrates  the  close  relationship 
of the  loop-like formations  of D.  hydd  to  the  less 
FIGURE 8 
Phase contrast photographs of spermatocytc nuclei in hybrids.  X  1,600. For explanations, see Fig.  1. 
a.  Hybrid from D.  neohydei mother  and D.  hydei father.  Intranuclcar  structures  of D.  hydei type.  b. 
Hybrid  from D.  hydei mother  and  D.  neohydei father.  Intranuclear  structures  of D.  neohydei type. 
the  typical  intranuclear  formations  of D.  neohydei 
males, i.e.  they were typical of their fathers again. 
Two  hybrid  males  could  be  recovered from  a 
cross between D.  hydei attached-X  (w/Y)  females 
with  D.  neohydei (+/Y)  males.  In  contrast  to 
normal  conditions  the  hybrid  males  received  in 
this case their X  chromosome from the D. neohydei 
father  and  their  Y  chromosome  from  the  D. 
hydei  mother.  Their  spermatoeyte  nuclei,  as 
expected, were of the D. hydei type. 
The general result of our species crosses between 
D.  hydei  and  D.  neohydei is  that  in  the  spermato- 
cytes  of hybrids  only  the  intranuclear  formations 
of that  type  are  formed  which  are  characteristic 
for  the  species  from  which  the  Y  chromosome 
complex intranuclear  structures  of D.  melanogaster 
(Meyer,  Hess,  and  Beermann,  1961).  The  role 
played by the Y  chromosome in the formation  of 
the  functional  structures  has  been  elucidated  by 
the  investigation  of  males  with  two  Y  chromo- 
somes. X/Y/Y  spermatocyte nuclei of D. hydei con- 
tain the complete set of paired loops in duplicate. 
This result can only be explained by assuming that 
the  loops are  phase-specific  morphological differ- 
entiations  of the Y  chromosome  itself.  The possi- 
bility that the loops are formed by the X  chromo- 
some  or  by  an  autosome  under  the  specific 
inductive influence of the  Y  chromosome  is defi- 
nitely excluded. 
The  extent  of  the  Y  chromosome-sections  in- 
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not yet  be  determined. The  sequential arrange- 
ment of the loops on the Y chromosome remains 
also  to be established. Answers to these  questions 
can be expected from autosome-Y translocations. 
Experiments of that type are in progress. 
As  the  investigations of  hybrids  have  shown, 
species specificity of the morphological appearance 
of the  intranuclear formations is  determined by 
the  constitution of the  Y  chromosome  itself.  In 
reciprocal crosses between D. hydei and D. neohydei 
as well as in one successful backcross  the spermato- 
cytes of hybrid males contained always the intra- 
nuclear  loop  formations  of  the  species  which 
donated the Y chromosome. The residual genetic 
and cytoplasmic background had  no distinguish- 
able influence on the character of the intranuclear 
formations.  It  seems  possible  that  the  species 
specificity  of  intranuclear loop-like  structures  is 
based  on  the  synthesis  of  specific  proteins,  the 
polypeptid sequence of which might be coded on 
the  Y  chromosome  itself.  In  this  case,  the  Y 
chromosome  would  be  directly  responsible  for 
species specificity. Involvement  of heterochromatin, 
especially of the Y chromosome, in protein synthe- 
sis has recently been demonstrated by Fox, Yoon, 
and Mead (1962). One might assume, on the other 
hand,  that  the  information for  the  synthesis of 
proteins, which are  needed for  the  development 
of the intranuclear loops,  might be localized else- 
where.  In this case  one must consider the  possi- 
bility that  hybrids  are  synthesizing the  specific 
proteins of both species,  and that the Y  chromo- 
some  then selects  the  "suitable"  protein for  the 
development of  the  loop-like structures.  In  this 
case, the X  chromosome would, however, have to 
be  excluded  as  carrier  of  this  information.  A 
decision  between  these  two  alternatives will  be 
possible  if we succeed,  by repeated  backcrossing, 
in building up a stock in which the whole genome 
except the Y chromosome is replaced by chromo- 
somes of the other species. 
The  species  specificity  of  intranuclear  for- 
mations  and  the  existence  of  relatively  great 
differences between closely related species reveals 
another possibility for understanding  hybrid steril- 
ity  within  the  genus  Drosophila.  Differences  of 
functional chromosomal structures might perhaps 
be  responsible for  incompatibilities between  the 
Y  chromosome  and  the  genetic  or  cytoplasmic 
background of the  other  species  and  thus cause 
sterility. In the cross  D.  simulans  with D.  melano- 
gaster,  for example, it is conspicuous that develop- 
ment within the testes of hybrids is blocked exactly 
at  the  stage  when  the  intranuclear formations 
would normally appear in the spermatocytes. 
The  functions  of  the  paired  loops  found  in 
spermatocyte nuclei is not known as yet. There is 
the possibility that the different loops might have 
specific  functions  during  spermatogenesis  and 
spermiogenesis  as  well.  In  D.  melanogaster the 
functional intranuclear formations  in  spermato- 
cytes are of comparatively simple organization and 
spermatogenesis is  but little  affected  when  they 
are absent. The only defect--immobility--occurs  in 
completely differentiated spermatozoa. Spermato- 
cytes  of D.  hydei  have,  in contrast to  this,  much 
more complicated and highly differentiated intra- 
nuclear formations. If these are completely absent, 
as  in  X/O-males,  spermatogenesis  is  already 
blocked before the first meiotic division. Spermato- 
genesis  may, however, proceed  to a  considerable 
extent in this  species,  if only one  or  more  loop 
pairs,  but  not  the  complete  set,  is  lacking.  In 
these cases, a sterility defect is, as has been found 
in D. melanogaster, not noticed before later develop- 
mental  stages  of  spermatogenesis  (unpublished 
results). 
The paired loops in the spermatocyte nuclei of 
D. hydei and neohydei are formations of the hetero- 
chromatin. The term "heterochromatin" was de- 
fined by Heitz  (1929)  to include certain chromo- 
some  segments which  are  stained  more  heavily 
than the "euchromatic" segments. This is because 
the heterochromatin remains compact in telophase 
and  is,  therefore,  distinctly recognizable during 
interphase as  "chromocenters."  For  a  long time 
heterochromatin  was  thought  to  be  genetically 
inert.  Recently more  and  more  work  has  been 
published  showing  that  this  assumption has  to 
be  modified.  A  detailed  description  of  the  X 
heterochromatin in D.  melanogaster including the 
morphology and functional importance was given 
by  Cooper  (1959).  The  completely  heterochro- 
matic Y  chromosome of D.  melanogaster does  not 
only contain the  gene  bobbed and  the  nucleolus 
organizer  but  carries  in  addition at  least  seven 
fertility factors,  five on the long arm and two on 
the short arm (see Brosseau,  1960, for review). A 
specific  effect  of the Y  chromosome in females of 
D. melanogaster was recently demonstrated by Fox, 
Yoon, and Mead  (1962).  The important effect of 
the  heterochromatin  in  many  cases  of  position 
effects  has been known for a  long time (for  sum- 
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tation  of  certain  lethal  factors  depends  on  the 
heterochromatin  of the Y  chromosome  (Lindsley, 
Edington,  and von Halle,  1960; Hess,  1962). 
The results of our investigations show again the 
indispensability  of  the  Y  chromosomal  hetero- 
chromatin for certain processes of sperrnatogenesis. 
They show,  in addition,  that  the activities of the 
Y  chromosome,  or  of  certain  regions  of  this 
chromosome, may be accompanied by conspicuous 
changes in structure.  These changes are of a  kind 
which  suggest  an  enormous  increase  in  activity. 
They are similar to the changes which have been 
observed  in  other  material  (Amphibian  oocyte 
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